Breathlessness debilitates millions of people with chronic illness. Mismatch between 21 breathlessness severity and objective disease markers is common and poorly 22 understood. Traditionally, sensory perception was conceptualised as a stimulus-23 response relationship, although this cannot explain how conditioned symptoms may 24 occur in the absence of physiological signals from the lungs or airways. A Bayesian 25 model is now proposed in which the brain generates sensations based on expectations 26 learned from past experiences (priors), which are then checked against incoming 27 afferent signals. In this model, psychological factors may act as moderators. They may 28 either alter priors, or change the relative attention towards incoming sensory 29 information, leading to more variable interpretation of an equivalent afferent input. 30 In the present study we conducted a preliminary test of this model in a 31 supplementary analysis of previously published data (Hayen 2017). We hypothesised 32 that individual differences in psychological traits (anxiety, depression, anxiety sensitivity) 33 would correlate with the variability of subjective evaluation of equivalent breathlessness 34 challenges. To better understand the resulting inferential leap in the brain, we explored 35 whether these behavioural measures correlated with activity in areas governing either 36 prior generation or sensory afferent input. 37 Behaviorally, anxiety sensitivity was found to positively correlate with each 38 subject's variability of intensity and unpleasantness during mild breathlessness, and 39 with unpleasantness during strong breathlessness. In the brain, anxiety sensitivity was 40 found to positively correlate with activity in the anterior insula during mild 41 breathlessness, and negatively correlate with parietal sensorimotor areas during strong 42 breathlessness.
Behavioural and fMRI analysis 150 In this short report we will only consider the fMRI session with the saline infusion. Full 151 details on analysis procedures have been previously reported 31 , and involved robust 152 physiological noise correction of fMRI images. Whilst former analyses examined mean 153 brain responses to anticipation and breathlessness (and the changes induced by 154 remifentanil), the focus of this analysis was to explore how behavioural measures relate 155 to the mean and variability of breathlessness perceptions in each subject, and to any 156 corresponding changes in brain activity.
Trait anxiety and depression were highly correlated across subjects, but neither 175 correlated with ASI score (Figure 1 ). No behavioural scores (depression, trait anxiety or 176 anxiety sensitivity) were found to significantly correlate with mean inspiratory pressure 177 or subjective breathlessness VAS scores of intensity or unpleasantness for either mild 178 or strong breathlessness conditions ( Figure 1 ). When behavioural scores were 179 compared to variability (standard deviation) in physiology and subjective scores, ASI 180 was found to significantly correlate with variation in unpleasantness during both mild 181 and strong breathlessness, and intensity with mild breathlessness (Figures 1 and 3 ).
182
Both trait anxiety and depression were strongly correlated with the variation in pressure 183 trace during strong (but not mild) breathlessness, but not subjective scores.
184
When mean subjective breathlessness scores and physiology were compared, 185 average pressure, subjective intensity and unpleasantness were all strongly correlated 186 during mild breathlessness ( Figure 1 ). However, during strong breathlessness, intensity 187 and unpleasantness scores became even more strongly correlated while 'de-coupling' 2.4 (0.5) 2.6 (0.7) 4.0 (0.8) 3.5 (1.7) ¶ 12.7 (4.1)* P ET CO 2 [kPa] 5.5 (0.6) 5.6 (0.6) 5.6 (0.5) 5.5 (0.5) 5.5 (0.5) 5. 
